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ABSTRACT 

2MASS JHK S data are used to infer the reddening and distance of open clusters for which 
limited optical data are available. Intrinsic ZAMS color-color and color-magnitude relations are 
derived with reference to existing calibrations, standard stars, three uniformly-reddened clusters: 
Stock 16, NGC 2362, and NGC 2281, and unreddened Hyades dwarfs. The method of inferring 
interstellar reddening and distance for sparsely-populated open clusters is applied to Berkeley 
44, Turner 1, and Collinder 419, for which existing results conflict with those inferred from 
JHK S data. The last two clusters are of special interest: Turner 1 because it hosts the Galaxy's 
longest-period classical Cepheid, and Collinder 419 because it lies in the Cygnus X complex. 

Subject headings: methods: data analysis — stars: Hertzsprung-Russell and color-magnitude diagrams — 
Galaxy: open clusters and associations: individual — ISM: dust, extinction. 



1. Introduction 

The introduction of CCD detectors to photo- 
metric studies of open clusters has led to signifi- 
cant improvements in the accuracy and precision 
of data for faint cluster stars observed previously 
via photoelectric or photographic techniques. The 
tradeoff is a low efficiency and associated steep 
wavelength dependence for such detectors in the 
blue-violet region, limiting photometric accuracy 
in the traditional ultraviolet filters: the Johnson 
system U-band and the Stromgren system w-band. 
Color corrections for observations in the ultravio- 
let become non-linear and multi- valued in that sit- 
uation, particularly for hot stars that display a siz- 
able Balmer discontinuity s uperposed on their con - 
tinuum (see, for example. iMoffat fc Vogtl Il977l) . 
Many recent open cluster studies have therefore 
been restricted to observations in the 5V7?/bands, 
or simply the BVI or VRI bands. 

The intrinsic relations for OB stars and GK 
dwarfs in color-color diagrams restricted to such 
systems are nearly parallel to the reddening vec- 
tors for interstellar extinction (Caldwell et al 



dening of cluster stars (see Carraro fc Costal2 009). 
AF stars can be studied in such fashion (e.g., 



Turner et al.l 120111 ). but that would limit photo- 
metric studies in B VRI to intermediate- age clus- 
ters with their main sequences consisting of un- 
evolved 1-2 Mq stars. Even in such cases, an 
accurate knowledge of the interstellar reddening 
of member stars is essential for t he reliable es - 
tablishment of distance and age (lTurnerl[l996l) . 
which means that the photometric study of many 
clusters may be limited by the nature of the filter 
bands employed for the observations. Some re- 
searchers studying intermediate-age and old clus- 
ters have therefore adopted an alternate approach 
to establish cluster intrinsic parameters, by iden- 
tifying a putative red giant clump in cluster color- 
magnitude diagrams arising fr om the He-bu rning 
stage of low-mass red giants (|Cannonlll970l ) and 
inferring the reddening, age, and distance of a clus- 
ter through optimi zed fitting of model isochrones 
to the data (e.g., ICarraro. Vallenari fc Ortolani 



19951: ICarraro fc Munarill2004l ). 



1993), posing difficulties for establishing the red- 



There are two problems associated with such 
an approach. First, the dependence of the fit- 
ting technique on model isochrones may bias the 
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results. Second, the most frequently encoun- 
tered stars along most Galactic l ines of sight tend 
to be K giants and A dwarfs ( McCuskevl 1 19651 
1970), which are also the most luminous members 
of intermediate-age op en clusters. As noted by 
Burki fc Maederl (|l973l) , simulations of UBV pho- 
tometry for unrelated stars lying in typical Galac- 
tic star fields can generate color-magnitude dia- 
grams containing pseudo-main sequences similar 
to those of true open clusters. The presence of 
physically-unrelated A dwarfs and K giants along 
typical Galactic lines of sight may therefore gen- 
erate features in open cluster color-magnitude di- 
agrams, A dwarfs and G giants or FG dwarfs and 
K giants, in similar locations to those found in 
the color-magnitude diagrams of intermediate-age 
or old open clusters, respectively. The photomet- 
ric properties of foreground or background stars 
in some open cluster fields could therefore be mis- 
taken for the characteristics of an old open cluster 
color-magnitude diagram, thereby biasing studies 
of clusters tied to the red clump method. 

An independent means of establishing clus- 
ter membership (e.g., star counts, proper mo- 
tions, or radial velocities) and especially red- 
dening for cluster stars is therefore essential for 
avoiding incorrect conclusions about cluster pa- 
rameters. ^The_ready availability of JHK S pho- 
tometry (jCutri et all 120031 ) fro m the Two Mi- 
cron All Sky Survey (2MASS, ISkrutskie et~aL 
2006) for Galactic star fields offers one such 
means, since it addresses the primary parame- 
ter vital for open cluster studies: the amount 
of foreground reddening of cluster stars (e.g., 
Maciejewski. Mihov fc Georgiev 20081 ). Presented 
here are examples of star clusters, Berkeley 44, 
Turner 1, and Collinder 419, for which the method 
addresses potential incorrect choices of cluster pa- 
rameters based solely on optical photometry. 

2. JHK S Intrinsic Relations 

The effective wavelengths for the 2MASS JHK S 
system, 1.235 ^m, 1.662 /im, and 2.159 ^m, re- 
spectively, a re fairly close t o those for the older 
JK system of I Johnson! (1 19681) and the JHK system 
studied by iKoornneel (|l983l h and observations 
with the JHK and K s filters are standardized in 
fairly similar fashion. The main source of difficulty 
is likely to be the presence of atmospheric abso- 




Fig. 1— Intrinsic (V-K) (filled squares), (V-H)o 
(open circles), and (V-J)o (filled circles) colors for 
main-sequence stars a re plotted as fun ctio ns of intrin- 
sic (B - V)o color from Ijohnsonl | |l96St ) and lKoornne"el 
in the top portion of the diagram. The adopted 
relations from least squares fits are denoted by gray 
curves. The lower diagram plots observed data for 
photometric standards and standard stars using the 
same symbols as above. Solid curves denote best fits 
to the data, and differ from the predicted relations 
(gray curves). 



prtion features within the sam e photometric bands 
(jMilone fc Yountdl2005l |2008() . which reduces the 
precision of repeated observations. K s -band ob- 
servations, and possibly //-band observations, of 
stars are also suceptible to emission from circum- 
stcllar dust. Is it possible that the intrinsic VJK 
an d VJHK colors for m ain-s equence stars der ived 
bv lJohnsonl (|l966l Il968l ) and lKoornneel (|l983f ) , re- 
spectively, are also applicable to the 2MASS JHK S 
system? Such a possibility can be tested from 
available 2MASS observations of standard stars 
and stars in open clusters of known reddening. 

Intrinsic JHK S colors for main-sequence stars 
were initiall y derived here as fol lows. The rela- 



tionships of Ijohnsonl (jl966l 119681 ) and IKoornneel 
(|l983l ) for intrinsic V-J, V-H, and V-K colors as 
functions of (B-V)q were tabulated and plotted, 
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as in Fig. Q] (upper) , including est imates for V-H 
color from the intrinsic colors of Johnson (1966, 
19681 ) using his tabulated values for V-J and V-K 
interpolated according to the effective wavelengths 
of the filters. Least squares fits to the data then 
established polynomial relationships between the 
colors. 

The derived relationships were then tested us- 
ing 2MASS data and BV observations for 19 rea- 
sonably bright, nearby and unreddcned, photo- 
metric and spectroscopic dwarf standards, stars 
with unsaturated observations in the Ursa Major 
and Hyades clusters, which are both unreddened, 
and stars in the young cluster NGC 2244 corrected 
for differ ential reddenin g within the Rosette Neb- 
ula (see iTurnen Il976al) . NGC 2244 stars were 
used in order to tie down the hot end of the se- 
quence; its member stars po ssess excellent pho- 
tometry on the UBV system ( Johnson! 1962h and 
l ie in a region of well-established reddening law 
(|Turnerlll976ar ). Reddening corrections for early- 
type stars were applied using UBV colors and 
the relations E(J-H) = 0.295 E(B-V), E(H-K S ) 
= 0.49 E(J-H), and A v = 2.427£(J - H) for 
R = A V /E(B - V) = 3.05, derived f rom van 
de H ulst's reddening curve No. 15 (see Ijohnson 
Il966f ) . In addition, the observations for Hyades 
stars were supplemented by data from I Carney 
(Il982h m order to reduce the photometric scat- 
ter typical of 2MASS observations. The results 
are plotted in the lower portion of Fig. [TJ 

The observational trends of V-J, V-H, and V- 
K s are fairly similar to the predicted trends seen 
in the top portion of Fig. [TJ but with notice- 
able offsets, particularly in V- H. The adopted 
intrinsic relations were therefore established from 
polynomial fits to the observational data rather 
than from the predicted relations, with the results 
tabulated in Table [T] for zero-age main sequence 
(ZAMS) stars. The derived polynomial relation- 
ships of Fig. [T] were used to derive intrinsic J- 
H and H-K colors for main-sequence stars as a 
function of intrinsic broad band color in dex (B- 
V)o, and the ZAMS calibration was that of lTurner 
(Il976bl . ll979h . 



The intrinsic relationship for 2MASS colors in 
Table [T] is similar to the intrinsic color-color re- 
lation for dwarf stars in the UBV system, dis- 
playing a noticeable "kink" near spectral type AO. 
2MASS J magnitudes sample the Brackett con- 
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Fig. 2. — Unreddened JHK S colors (left) for stars in 
Stock 16 and NGC 2244 (top), NGC 2362 (middle), 
and NGC 2281 (bottom), and (right) for stars in the 
Hyades (top), and the Ursa Major cluster (middle) 
relative to the intrinsic relation for ZAMS stars (gray 
curves). The lower right diagram shows the data for 
stars in all clusters, except for saturated UMa stars, 
combined using running 20-point means. 



tinuum in hot stars, while H and K s magnitudes 
sample the Pfund continuum, so J-H color should 
provide a measure of the Pfund discontinuity in 
hot stars, much like U-B color provides a mea- 
sure of the Balmer discontinuity. Similarly, H-K s 
color should provides a measure of stellar temper- 
ature, much like B-V color does in the UBV sys- 
tem. For cool stars all colors should closely track 
changes in the slope of the black body continuum 
in the far infrared. Interstellar reddening affects 
JHK S colors much less than it does UBV colors, 
but the effects of circumstellar emission are often 
more important in the far infrared than in the vis- 
ible region. A UBV color-color diagram plots U-B 
versus B- V, for which a plot of J-H versus H-K s 
would be the closest approximation. It appears, 
however, that J-H colors may display a greater 
precision than H-K s colors in 2MASS photome- 
try, so the diagnostic tool used here to establish 
reddening for cluster stars is a 2MASS color-color 
diagram in which H-K s is plotted versus J-H. 

The intrinsic relations were tested further us- 
ing the three clusters used for the calibration and 
three additional clusters that lie in fields of uni- 
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Table 1: Empirical JHK S calibration for ZAMS stars. 
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form interstellar redd ening;: Stock 16 (Turner 
1985al). NGC 2362 (I.Tohnson fc Morgan! Il953t 



Johnson! 119571: Uohnson et all Il96ll ). and NGC 
2281 (jPesch] ll96jJ) , which are reddened b y E(B- 
V) = 0.49, 0.11, and 0.11, respectively (see [Turner 
19961 : Johnson et al. 1961 ). Obvious unreddened 
stars in the same fields were also included in the 
samples. Fig. [2] plots 2MASS colors for stars in 
the core regions of Stock 16, NGC 2362, and NGC 
2281 with cited magnitude uncertainties of less 
than ±0.05, corrected for their known redden- 
ing or lack of reddening for suspected foreground 
stars, along with similar data for Hyades and Ursa 
Major cluster stars and dereddened data for stars 
in NGC 2244. Data for the Ursa Major cluster 
include 11 stars with observations of uncertain 
quality (bright stars with saturated photometry 
and blended stars). The bottom right portion of 
Fig. [2] displays the data for all clusters, except for 
UMa stars of poor quality, combined using run- 
ning 20-point means as a function of J-H color. 
The last step was made as a means of reducing 
the photometric scatter in both colors. 

The intrinsic relation of Table [1] appears to be 
confirmed by stars in the open clusters of Fig. [5J 
although there is clearly additional scatter in the 
observations of individual stars that cannot be at- 
tributed to differential reddening. In three of the 
four reddened clusters the UBV colors display no 
differential reddening, so it is unlikely to appear 
in the JHK S colors unless there is some unfore- 
seen component, such as circumstellar emission, 
affecting the observations. A pronounced "extra" 
scatter for B-type stars may have such an origin, 
given the evidence for circumstellar dust associ- 
ated with som e rapidly-rotating late B-type stars 
(jTurnerl 1 1993). but it is unlikely that similar ef- 
fects extend to the remaining cluster stars. It 
is more reasonable to attribute the scatter to in- 
trinsic uncertainties in the precision of the JHK S 
magnitude estimates, which appear to be larger 
than the cited values and also larger than what is 
attaina ble from iris photome try of photographic 
plates (|Turner fc Welch! 1 19891) . The tendency to- 
ward larger scatter for the coolest stars of NGC 
2362 and NGC 2281 may be a problem with mem- 
bership selection. 

An earlier calibration similar to that of Table [1] 
was derived using stars in Stock 16, NGC 2362, 
and NGC 2251, with polynomial and linear fits 



made to combined running 20-point means for the 
data. Some of the features of the earlier calibra- 



tion (see lTurner et al.ll2008l 120091 ) can be seen in 
the lower right portion of Fig. [21 namely the pro- 
nouned "kink" near spectral type AO in the mean 
data. But the data also match the new curved 
relationship very well. 

For Hyades stars the JHK S observations repre- 
sent a combination of both 2MASS data and data 



from ICarnevI (| 19821 ) . as noted. The colors from 
both data sets display a similar scatter to that for 
Stock 16 and NGC 2244 members, but is much re- 
duced when the data are averaged together. There 
remains a sizeable residual scatter that is slightly 
larger than the cited uncertainties in the obser- 
vations. Perhaps it represents an observational 
limitation for ground-based observations in the 
infrared imposed b y variable atmospheric wate r 
vapour content fe.g. lMilone fc Youngjl2005l . 120081 ) . 
The scatter is greatly reduced in the 20-point run- 
ning means, which is consistent with a problem 
that is tied to the precision of the observations. 
Otherwise, the intrinsic relation of Table[T]appears 
to be confirmed. 

The colors for cluster stars in Fig. [5] agree 
closely with the derived intrinsic relation, in most 
cases displaying only random scatter about it. If 
there were an extra reddening component of, say, 
0.01 to 0.02 in E(J-H) for the stars, the centroids 
for the data would display a noticeable offset from 
the intrinsic relation. Thus, despite large scat- 
ter in the colors for stars in many open clusters, 
it is possible to derive an observational redden- 
ing for the stars from a color-color diagram by 
eye, with uncertainties of no more than ±0.01 
to ±0.02 in E(J-H), provided that the scatter in 
such cases is random in nature. Likewise, distance 
moduli derived from observational J versus J-H 
color-magnitude diagrams can be derived by eye 
with uncertainties typically no larger than ±0.1 
to ±0.2. Such conclusions are confirmed by tests 
on the m any open clusters studied to date (see, for 
example, iTurner et ai1l2008l |2009[ ). 



3. Other Open Clusters 

As noted above, the intrinsic relations of Ta- 
ble Q] have been tested successfully previously 
([Turner et all 120081 l2009f ). but three clusters of 
uncertain properties were selected for further test- 
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Fig. 3 — The 15' x 15' field of Berkeley 44 from 
the Palomar Observatory Sky Survey red image of the 
field. The image is centered on 2000 co-ordinates: 
19:17:16, +19:33:00, the cluster center identified vi- 
sually. 



ing here: Berkeley 44, Turner 1, and Collinder 419. 
All three clusters possess limited published optical 
observations, and provide good examples of where 
2MASS observations may help to clarify previous 
conclusions about cluster properties. 

3.1. Berkeley 44 

The sparse northern hemisphere cluster Berke- 
ley 44 ( Fig. EH has been identified as an ol d 
group by ICarraro. Subramaniam fc Janesl (|2006h . 
although with some question about its reality be- 
cause of ambiguities in the star counts and the sim- 
ilarity of its color-magnitude diagram to that of 
stars in the surrounding reference field . The pub- 



lished co-o rdinates for the clus ter by iDias et al 



(|2002t) and lCarraro et all (|200ot do not match the 
optical density peak visible on the Palomar Obser- 
vatory Sky Survey, and an alternate cluster center 
(Fig. [3J was adopted here. The group lies more 
than 3° from the Galactic plane, so contamina- 
tion by foreground early-type stars should be rela- 
tively low. However, the extreme faintness of clus- 
ter stars makes it necessary to consider both high 
quality and low quality 2MASS data for the field, 
with uncertainties of ±0 m .05 representing the de- 
marcation. 

The 2MASS JHK S data for Berkeley 44 (Fig.|J) 
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Fig. 4. — JHK B photometry for stars within 2' of 
the center of Berkeley 44 with magnitude uncertain- 
ties smaller than ±0.05 (points) as well as with larger 
uncertainties (plus signs). The intrinsic color-color re- 
lation is depicted in gray (top), while the intrinsic rela- 
tions for E(J-H) = 0.295 (E(B-V) = 1.00) and J-Mj 
= 12.1 ( Vo-Mv = 11.38) are shown as black lines. The 
thin black curve is a n isoch rone for logt = 9.3 adapted 
from iMevnet et al.l (1 19931 ). t he thin gray curve a n 
isochrone of identical age from iBonatto et al.l (|2004l ) . 



confirm that it is an old open cluster. The cluster 
color-color diagram is devoid of early-type stars 
lying within 2' of the adopted cluster center, most 
cluster members being cooler late-type stars. A 
few stars of inferred spectral types G and K ap- 
pear to be essentially unreddened, with most stars 
of spectral types F or later reddened by similar 
amounts. The cluster color-magnitude diagram re- 
veals a well-defined clump of red giants at J ~ 12.2 
with implied spectral types of early K, so the iden- 
tification of this cluster as an old cluster is con- 
firmed. The optimum fit by eye to the JHK S obser- 
vations yields a reddening of E(J-H) = 0.295±0.02 
(E(B V) = 1.00 ±0.07) and a distance modulus of 
J-Mj = 12.1 ± 0.1 ( Vq-Mv = 11.38 ± 0.24), cor- 
responding to a distance of d = 1.89 ± 0.21 kpc. 
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The uncertainty in the intrinsic distance modu- 
lus includes the uncertainty in interstellar extinc- 
tion towards the cluster. The ZAMS fit is tied to 
low quality JHK S observations at the faint end, so 
may be less well-established than the formal un- 
certainty suggests, although the implied distance 
ag rees closely wi t h the value of 1.8 kpc derived 
bv lCarraro et al. ( 20061 ). The implied cluster red- 
dening is significantly smaller tha n the value of 
E(B- V) = 1.40 ±0.10 obtained by ICarraro et al " 



(|2006h . which in any case is inconsistent with the 
2MASS data unless one adopts an extreme fit to 
the very reddest stars. 

Berkeley 44 main-sequence members have in- 
trinsic J-H colors of ~ 0.15 or redder, indicat- 
ing stars of earliest spectral type ^F0, corre- 
sponding to turnoffs for intermediate-age clus- 
ters of age ~ 10 9 yrs. A variety of model 
isochrones near \ogt ~ 9 were therefore tested 
in the cluster color-magnitude diagram (Fig. @|, 
with the optimum fit produced by an isochronc 
of logi = 9.3, as shown, corresponding to a 
cluster age of ~ 2 Gyr. The procedure in- 
volved use of the My versus B-V isochrones pub - 
lished by iMevnet. Mermilliod fc Maederl (|l993T ). 
adapted to the Mj versus J-H system with our 
empirical link between the UBV and 2MASS 
systems. An isochrone of th e same age from 
Bonatto. Bica fc Girar di (2004) is also plotted in 
Fig. |H but deyiates systematically in J-H from the 
Mevnet et al. ( 19931 ) isochrone, suggesting a possi- 
ble problem in the conversion from logT a ff to J-H 



with t he Padova isochrones used bv lBonatto et al 
(|2004l ). A problem arises with stars in the red 



giant clump, since they are not replicated well 
by either set of evolutionary models used for the 
isochrones. Yet their colors are consistent with 
the adopted cluster reddening. Berkeley 44 is in- 
deed an old open cluster, but inferences about its 
parameters derived using the la rger reddening es- 
timated bv lCarraro et al. ( 20061 ) differ from those 
inferred from 2MASS observations. 

3.2. Turner 1 

The sparse cluster designated as Turner 1 
(Fig. [5]) surrounding the long-period Cepheid 
S Vul was discovered during the prep aration 
of find er charts for Galactic Cepheids ([Turner 
1985bJ ). and was subsequently studied on the basis 
of photoelectric and photographic UBV photome- 




' -. . . ■ . ■ ~ - # 1 * . * ■• 

'tfi - l ■'- ..■'.."■ *■.• •. ' : i: ; j 

... v- :■.':> : ■ •• : ". -■ ' *?■. 



Fig. 5 — The 15' x 15' field of Turner 1 from the 
Palomar Observatory Sky Survey red image of the 
field. The image is centered on 2000 co-ordinates: 
19:48:26.5, +27:1 7:59, the clus ter center identified 
from star counts (|Turneij|l985bl ). S Vul is the bright 
star near the center of the image. 



try bv lTurner. Leonard fc Madore ( 1986h . 

UB V photometry for stars in Turner 1 yielded 
a cluster distance of 643 ± 25 pc and a redden- 
ing of E(B-V) = 0.48 ± 0.02 for what appeared 
to be an old group of G-type dwarfs with a pu- 
tative red giant branch, although there was also 
evidence for mor e heavily reddened B-type stars 
in the same field ( Turner et al.l H986h The limited 
UBV data implied that Turner 1 lay foreground to 
the Cepheid S Vul, which is projected near its cen- 
ter, although no further tests were made, spectro- 
scopic observations being restricted by the faint- 
ness of cluster stars. It was noted, however, that 
the putative reddened G-dwarf sequence identified 
from UBV colors might be contaminated by more 
heavily reddened B dwarfs. 

2MASS JHK S data provide new insights into 
the earlier results. It is possible to detect a sparse 
group of G dwarfs (with rather large photometric 
scatter) and a putative late-K giant branch in the 
data, with similar parameters to the UB V study 
(Fig. [6]). But many of the stars in the field, and 
most of the stars within 11' of the adopted clus- 
ter center, appear instead to be reddened B-type 
and A- type stars (Fig. [7]). A best fit by eye to the 
JHK S observations for the former yields a redden- 
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Fig. 6. — JHK S photometry for stars within 4' of 
the center of Turner 1 with magnitude uncertainties 
smaller than ±0.05. The intrinsic color-color rela- 
tion is depicted in gray, while the intrinsic relations 
for E(J-H) = 0.15 (E(B-V) = 0.51) and J-Mj = 9.7 
(Vo~Mv = 9.34) are shown as black lines. The thin 
black curve is an isoc hrone for log t = 9.8 adapted from 
iMevnet et all (|l993l ). 



ing oiE(J-H) = 0.15±0.02 (E(B-V) = 0.51±0.07) 
and a distance modulus of J-Mj = 9.7 ±0.1 (Vo~ 
My = 9.34 ± 0.24), corresponding to a distance 
of d = 0.74 ± 0.08 kpc, values that are reason- 
ably consistent with those obtained for the clus- 
ter fr om UB V photometry . The model isochrone 



from IMevnet et al.l (|1993|) that best fits the ob- 
servations has logt = 9.8, implying a cluster age 
of ~ 6 Gyr, although the red giants are displaced 
redward of that isochrone, much like the case for 
Berkeley 44 red giant clump stars. Conceivably 
a refined empirical calibration of 2MASS intrin- 
sic colors that includes a separate relation for red 
giant stars could eliminate the problem. There ap- 
pear to be large numbers of M dwarfs lying along 
the line of sight to the cluster. 

The implied best fit by eye to the JHK S ob- 
servations for the group of reddened B-typc stars 
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Fig. 7.— The same as Fig. but for E(J-H) = 0.29 
{E(B-V) = 1.02) and J-Mj = 13.2 (V -M v = 12.47), 
shown as black lines. Small plus signs denote addi- 
tional stars within 11' of the cluster center inferred to 
be B-type and A-type stars, with no restriction on pho- 
tometric uncertainties. The star symbol corresponds 
to the Cepheid S Vul. 



yields a reddening of E(J-H) = 0.30 ± 0.02 {E(B- 
V) = 1.02 ± 0.07) and a distance modulus of J- 
Mj = 13.2 ±0.2 (V -M v = 12.47 ±0.29), cor- 
responding to a distance o f d = 3 . 12 ± .42 kpc. 
Similar values were used bv lTurnerl (l2010l) with an 
earlier version of the 2MASS calibration to estab- 
lish very reasonable estimates for the reddening 
and luminosity of the 68 d Cepheid S Vulpeculae 
as a possible cluster member. 

S Vul is represented by the star symbol in Fig. [7] 
In the present instance the results imply intrin- 
sic parameters of {(B) - (V)) = 0.87 ± 0.07 and 
(My) = -6.86 ± 0.29 for the Cepheid, close to 
what would be predicted empirically (see I Turner 
l2010l) . The angular brackets denote intensity 
means. Spectroscopic observations are essential 



8 



N 



Fig. 8 — The 15' x 15' field of Collinder 419 from 
the Palomar Observatory Sky Survey red image of 
the field. The image is centered on 2000 co-ordinates: 
20:18:08, +40:42:42, the adopted cluster center. HD 
193322 is the bright star north of the center of the 
image. 
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for confirming the picture implied by the 2MASS 
observations, since star counts for stars identi- 
fied photometrically as B dwarfs display only a 
marginal concentration towards the cluster core. 
It appears that the main concentration of stars 
in Turner 1 corresponds to the old, sparse, fore- 
ground cluster identified in Fig. [6j with contami- 
nation by a young group of background B-dwarfs 
located along the same line of sight. 

3.3. Collinder 419 

Collinder 419 is a sparse group of stars (Fig. [3]) 
of small angu lar diameter (4'. 5 according to 
ICollinderl fl93lh associated with the massive 09 
V((n)) double star HD 193322 (|Walbornl fl97lh . 
Collinder estimated a distance of 1470 pc for the 



group from its angular diameter, while iGies et al 



( 2010l ) used astrometric and photometric data 
from the UCAC3 catalogue for bright stars in the 
field to derive a distance of d = 741 ± 36 pc, with 
a reddening of E(B-V) = 0.37 ± 0.05. Included 
as a possible member of the group was the M3 III 
star IRAS 20161+4035. 

The cluster does not stand out well at optical 
wavelengths, but we were able to detect a slight 
density enhancement visually and estimate a crude 



Fig. 9. — JHK S photometry for stars within 5' of 
the adopted center for Collinder 419 with uncertain- 
ties smaller than ±0.05. The intrinsic color-color re- 
lation is depicted in gray, while the intrinsic relations 
for E(J-H) = 0.39 (E(B-V) = 1.32) and J-Mj = 11.7 
(Vq-Mv = 10.75) are shown as black lines. 



center of symmetry at 2000 co-ordinates: 20:18:08, 
+40:42:42, close to the coordinates estimated by 
Collinder. The cluster also appears as a set of 
reddened B-type stars in available 2MASS JHK S 
photometry for stars lying within 5' of that cen- 
ter of symmetry (Fig. [9]), reasonably consistent 
with Collinder's inferred dimensions. A best fit 
by eye to the JHK S data yields a reddening of 
E(J-H) = 0.39 ± 0.02 (E(B-V) = 1.32 ± 0.07), 
significantly larg er than the value estimated by 
IGies et all (|2010f ). a distance modulus of J-Mj = 
11.7±0.2 (Vb-Afy = 10.75±0.28), and an inferred 
distance of d = 1.42 + 0.18 k pc, which is also larger 
than the IGies et al. (l2010h value, although con- 
sistent with a location within the young complex 
of stars and H II regions (including Berkeley 87, 
Turner et aill20lol) associated with the Cygnus X 



region at ~ 1.2 kpc. In this case the 2MASS data 
provide a more solid basis for the reality of the 
group than the UCAC3 data, although they do not 
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Table 2: Deduced parameters for clusters analyzed by JHK S photometry. 



Cluster 


E(J-H) 


E(B-V) 


J-Mj 


Vo-Mv 


d (kpc) 


Berkeley 44 


0.295 ± 0.02 


1.00 ±0.07 


12.1 ±0.1 


11.38 ± 0.24 


1.89 ± 0.21 


Turner la 


0.15 ±0.02 


0.51 ±0.07 


9.7 ±0.2 


9.34 ± 0.29 


0.74 ±0.08 


Turner lb 


0.29 ±0.02 


1.02 ±0.07 


13.2 ±0.2 


12.47 ±0.29 


3.12 ± 0.42 


Collinder 419 


0.39 ±0.02 


1.32 ±0.07 


11.7 ±0.2 


10.75 ± 0.28 


1.42 ± 0.18 



address the possible membership of HD 193322. 

The cluster does not show up as a significant 
density enhacement from star counts, and it is 
conceivable that Collinder 419 represents merely 
a clump in one of the many OB associations seen 
along the direction of the Cygnus arm. 

4. Discussion 

Table [5] summarizes the results of the present 
study of four open clusters using 2MASS obser- 
vations. Most of the inferred parameters for the 
clusters differ from published results tied to opti- 
cal photometry, although those for Turner 1 were 
co nsidered as an altern ate possibility in the study 
by iTurner et al. ( 1986 ) . In each case the optical 
photometry was limited by the faintness of clus- 
ter members arising from large interstellar redden- 
ing, which is where JHK S photometry has advan- 
tages over optical band photometry. The point 
to emphasize, however, is that JHK S observa- 
tions of cluster stars often provide relatively com- 
plete samples that can be used to infer reason- 
ably accurate estimates for the all-important in- 
terstellar reddening toward the cluster, in most 
cases in more straightforward manner than what 
is often used for optical band BVRI observations. 
Once the reddening is known, ZAMS fitting, or 
isochrone fitting in some cases, can then be used 
to derive the distance to the cluster. That is true 
despite the relatively low intrinsic precision of ex- 
isting 2MASS data for most Galactic fields. 
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